Objective: The incidence of varicocele is approximately 15% in adolecent men. Early treatment with varicocele is aimed to resolve testicular hypotrophy and ensure catch-up growth. The aim of this study was to evaluate ipsilateral catch-up growth rates relative to contralateral testicular growth in adolescents with varicocele undergoing microsurgical subinguinal varicocelectomy.
Introduction
Although varicocele is detected in 35% of primary infertile men, nearly 80% of adults with varicocele are asymptomatic, and fertile. [1] [2] [3] Varicocele is one of the prevalent urological abnormalities of adolescent men which can be corrected surgically. [4] Various studies have shown adverse effects of adolescent varicocele on testicular volume, and presence of a correlation between varicocele, and regression of testicular development has been demonstrated. [5] [6] [7] Although severe testicular damage is found in 20% of adolescents with varicocele, the presence of milder testicular abnormalities have been demonstrated in 46% of them. Testicular hypertrophy is more prevalent in patients with high-grade varicoceles, and in 70% of the affected patients grade 2-3 varicoceles have been reported. [8] As an accepted strategy in adolescent varicocele treatment should be instituted in case of ipsilateral testicular hypotrophy. [7, 9] In these patients, indications for surgical intervention are debatable, more than 20% difference in testicular size relative to the intact testis, abnormalities in sperm parametres, and painful varicoceles have been asserted as indications for surgical intervention. [3] In infertile men, subinguinal microsurgery has become an gold standard approach for spermatic vein ligation in infertile men with lower complication, and recurrence rates relative to other techniques, however the place of this approach in adolescent population is still debatable. [2] It has been documented that in 60-90% of the patients affected testes caught up normal growth rate after surgical repair, and in many studies recovery of testicular hypertrophy has been reported after varicocelectomy. [10] [11] [12] One of the most important problems in the treatment of adolescent varicocele, is to determine the varicocelectomy method, and optimal age of surgery which will achieve highest catch-up growth rate. [3] However, in many studies it has been shown that surgical technique does not effect catch-up growth rate. [13] Studies investigating whether preserving lymphatics during varicocelectomy effect testicular volume have yielded controversial results. [10, 14] The aim of this study is to evaluate development of ipsilateral testis after adolescent varicocelectomy by monitoring testicular volume.
Material and methods
Patients with diagnosis of only unilateral left varicocele left established during routine physical examination among a total of 57 patients aged 5-17 years who applied to the outpatient clinic of urology between January 2009, and August 2013 with complaints of scrotal swelling, and dysmorphism were included in the study. Two cases who were followed up for less than 6 months, and patients who had undergone orchiopexy (n=3) or herniotomy (n=2) were excluded from the study because of potential testicular atrophy which might develop due to these pathologies, and surgical interventions, and the study was completed with 50 cases.
The parents of the patients were informed in detail about the procedure, and their written informed consent forms, and approval of Ethics Committee of Ataturk University Faculty of Medicine for the study were obtained (decision #: 5-7/1-2). Scrotal examinations were performed with the patients standing erect, and lying supine before, and after Valsalva manoeuvres. Severity of varicoceles were graded based on the classification of Dubin and Amelar [15] (Grade 1: Palpable only during Valsalva maneuver, Grade 2: Varicose veins can be palpated without resorting to Valsalva maneuver, and Grade 3: Dilated veins can be easily seen through scrotal skin). All of our patients underwent abdominal ultrasonographic (USG) examination. Testicular volumes were measured before, and after the surgery by the same physician using Prader's orchidometer, and recorded separately for both testes.
Symptomatic patients with varicocele whose testicular volume decreased 20% or more than 2 mL, cases with testicular softening, and pain were deemed to have indication for surgery. To reveal left testicular hypotrophy previously described formula [(Volume of the intact testis-volume of the affected testis)/Volume of the intact testis x 100] was used, and the result was expressed in mL. [16] The patients were followed up for a mean period of 26.04±2.8 months (range, 6 months-4 years). During follow-up period, patients whose symptoms like pain did not resolve, and testicular volumes did not catch-up growth and/or testicular softening persisted were accepted as treatment-refractory cases.
Statistical analysis
In this study IBM SPSS 20 (IBM Statistical Package for the Social Sciences; Armonk, NY, USA) Windows package program was used for statistical analysis. In the study continuous variables, number of vessels ligated or preserved were expressed as continuous variables, standard deviation, minimum, and maximum. Pre-, and postoperative testicular volumes, and differences between right, and left testicular volumes, their fitness to normal distribution were analyzed using Kolmogorov-Smirnov test, and for non-normally distributed parameters unpaired t-test was used. The transition between groups which demonstrated testicular catch-up growth was analyzed using Marginal Homogeneity test. P<0.05 was accepted as the level of statistical significance.
Results
Mean age of our patients was 12.96±2.09 (5-17) years. Admission complaints of the patients were pain (n=3; 6%), scrotal deformity (n=34; 68%), and varicocele incidentally detected during physical examination of 13 (26%) cases. Postoperative controls were performed at 6-month intervals, and mean follow-up period was 26.04±2.8 months (6-48 months) On physical examination grading system described by Dubin, and Amelar [15] was used. Accordingly, Grade 2 (n=16; 32%), Grade 3 (n=34; 68%) varicoceles were detected in respective number of our patients. All patients underwent surgery for their left-sided varicoceles. The surgeries were performed by the same experienced surgeon under Carl Zeiss Set Navigation S 88 1343-989 (Oberkochen, Germany) model microscope. Any intra-, and peri-operative complication was not observed. In the long term hydrocele, and recurrent varicocele were not observed.
Mean values for right and left testicular volumes before the operation, and after postoperative follow-up of at least 6 months are shown in Table 1 . In Figure 1 , differences in testicular volumes as calculated before, and after the operation are shown as a column chart. Preoperatively mean value for the right testicular volume was 7.14±4.31 mL which was found to be significantly higher when compared with the mean value for left testicular volume (5.38±3.42 mL) (p=0.002). After at least 6 months of follow-up, mean values for right, and left testes were 10.78±5.06 mL, and 9.88±4.35 mL respectively, without any statistically significant intergroup difference (p=0.47).
In only 8 (16%) cases any difference between preoperative right, and left testicular volumes was not found, and in 35 (70%) cases postoperative testicular volumes did not differ. Based on a new concept, surgery is indicated, if we consider the presence of a ≥20% difference between both testicular volumes. Accordingly, in 38 (76%) cases an insignificant difference was found between right, and left testicular volumes during postoperative follow-up period. Only in a case with more than 35% decrease in the left testicular volume preoperatively, surgery could not achieve any testicular growth, and difference between left, and right testicular volumes remained the same (Table 2) . Transition between groups which achieved testicular catch-up was calculated using Marginal Homogeneity test. Difference between right, and left testicular volumes statistically significantly disappeared as detected at the final postoperative follow-up visit (p<0.0001). Pre-, and post-varicocelectomy differences in testicular volumes were evaluated, preoperatively mean difference between right, and left testicular volumes as calculated by substracting right testicular volumes from the left testicular volumes was -1.68±142 mL, while during postoperative follow-up the corresponding value was -0.84±1.65 mL, with a significant difference between these two values (p=0.001) (Figure 2) . Number of intraoperatively ligated internal (4.68±1.95), and external spermatic veins (0.84±0.58) of the study participants, and the number of preserved spermatic arteries, and lymphatic vessels were evaluated individually for each case (Table 3) . A significant correlation could not be found between number of ligated vessels, and postoperatively determined testicular volumes (p=0.8). In 76.8% of our cases external spermatic vein could be detected. In all cases in whom testicular softening was detected preoperatively, normal testicular consistency was achieved after varicocelectomy. Preoperative semen analysis was not performed in any study patient. Only 4 patients underwent semen analysis during postoperative follow-up period. Since preoperative semen analyses were not performed, the results of semen analyses could not be statistically evaluated. The results of these four cases were evaluated as normospermia. The results are shown as mean ± standard deviation ((minimum-maximum). 
Discussion
In our study, preoperatively a significant difference was found between right, and left testicular volumes, but postoperative measurements were not significantly different. Median followup period in our study was 26 months, and our catch-up growth rate was 70 percent. Incidence of adolescent varicocele in general population was 15%, however since they are generally asymptomatic, their incidence may be higher than already known. [17] [18] [19] Since for postoperative evaluation in pediatric age, semen analysis cannot be performed, testicular catch-up volume is the most important parameter in evaluating the outcome of varicocelectomy. [9] Some investigators have reported recovery of testicular development, and sperm dysfunction after varicocelectomy. [10, 20, 21] Sinanoğlu et al. [10] followed up 39 adolescents with varicocele at 3 month-intervals after varicocelectomy just by calculating testicular volumes. As a result of an average followup of 39 months, they reported catch-up growth in 90% of the cases with ipsilateral testicular atrophy. They determined that catch-up growth started nearly 9 months after varicocelectomy, and indicated that testicular volume is the most important parameter in the evaluation of testicular function. In various novel series catch-up growth rates have varied between 73, and 90 percent. [20] [21] [22] In studies performed on the impact of surgical method on catch-up growth rate, any effect of surgical method on testicular catch-up rate could not be detected. [13, 23] Recently, Shiraishi et al. [23] , performed subinguinal, and high-ligation microsurgical varicocelectomy, and indicated 70, and 78% catch-up growth rates during 24 months of the follow-up period, respectively. However, they couldn't detect a statistically significant difference between both methods. Atassi et al. [13] compared 36 patients who had undergone artery-preserving varicocelectomies (n=36) with those undergone Palomo procedure during a follow-up period of 22 months, and when compared with preoperative values in patients undergoing artery-preserving surgery, left testicular volume increased from 73% up to 91%, while in patients who had undergone Palomo procedure average increase from 73% to 91% was detected in testicular volumes relative to preoperative values without any statistically significant intergroup difference.
In some studies, decrease in postoperative complications as hydrocele has been detected with varicocelectomies performed using lymphatic vessel preserving surgery. [24, 25] In our study the same method was used without development of hydrocele in any patient. Some studies have indicated favourable impact of lymphatic congestion secondary to varicocelectomy on catchup growth rate in surgeries performed with non-lymphatic preserving approach, [14, 22, 26] while others could not detect any effect of lymphatic vessel-preserving varicocelectomy on catch-up growth rate. [10, 24] Fast et al. [24] detected that ligation of lymphatic vessels significantly prolonged duration of catch-up growth.
In a study by Sadov et al. [27] post-pubertal testicular volumes of the patients who had undergone surgery with the diagnosis of cryptorchidism, and those of the patients whose testicular descent occurred spontaneously, and healthy control group were compared and significant intergroup differences in testicular volumes were detected. Post-pubertal small testes were associated with decreased number of Sertoli cells. In this study, testicular volumes were calculated based on Lambert's formula with the aid of US measurements, and Prader orchiometry. Difference in testicular volumes between these two measurement instruments was attributed to deficiency in understanding Lambert's formula. [27] In a study by Sinanoğlu et al. [10] the authors determined that post-varicocelectomy catch-up growth started from 9. month and persisted up to 36. month postoperatively. Still in a study performed in 15-19 year-old men with grade 2-3 varicoceles, testicular catch-up growth started within 12 months after varico- celectomy. [28] In various current series 73-90% catch-up growth rates have been detected. [20] [21] [22] In our study 70% catch-up growth rate was detected. However, Cayan et al. [29] observed improvement in previously low sperm counts of 15-19-year-old men after varicocelectomy, while testicular catch-up growth was not observed in these patients.
Our relatively small patient group, inability to perform semen analysis of the patients, lack of a control group, inability to analyze testicular volumes according to age groups, use of only Tanner scale scoring, and Prader's orchiometer for the measurement of testicular volumes are evaluated as limitations of our study.
In conclusion, as has been demonstrated in our study, and in many other studies, in adolescent varicocelectomy catch-up growth rate is an important therapeutic evaluation parameter. It is appropriate to evaluate postoperative outcomes in larger series with longer follow-up.
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